Summary. The pulsatile blood flow in the internal spermatic artery of the ram is changed by the arterial coils in the spermatic cord so that the testis receives a relatively pulseless blood flow at a lower mean pressure. The major pulse-pressure reduction occurs in the proximal one-third of the coiled length of the artery; in the distal two-thirds, the character of the coiling and structure of the artery change. These observations are discussed particularly in relation to the thermo-regulatory function pre¬ viously suggested for the internal spermatic artery.
INTRODUCTION
The internal spermatic artery of many higher mammals is convoluted, but in the domesticated ruminants the coiling is so extensive that the artery forms a vascular cone on the dorsal pole of the testis (Bimar, 1888 ; Harrison, 1949) . As the artery in most species is intimately surrounded by the pampiniform plexus, Harrison & Weiner (1949) and later Dahl & Herrick (1959) proposed that thermal exchanges occurred between the arterial and venous blood which, in favourable circumstances, could pre-cool the testicular inflow. Although a decreasing temperature gradient between the abdominal cavity and scrotal testes is thought to be necessary for normal spermatogenesis, the ovarian and some uterine endometrial arteries, which are also lengthened by coiling, supply organs at deep body temperature. This suggested that coiling in the internal spermatic artery may have functions in addition to that of heat exchange.
On the testis surface, the internal spermatic artery of the ram is pulseless, easily compressed and unusually thin-walled. This paper describes a study, initiated by these observations, of the blood and pulse pressures in this artery and discusses their possible significance.
METHODS
Twelve Merino rams, 1 to 8 years old and from 33 to 55 kg body weight, were lightly anaesthetized with intravenous pentobarbitone sodium (May & Baker) . The experiments were done with the animal on its side and the scrotum horizontal. One internal spermatic artery was exposed where it emerged from the external inguinal ring (Level A, PI. 2,  Fig. 4 ) and the contra-lateral internal spermatic artery was exposed on the posterior testicular surface (Level B, PI. 2, Fig. 4 ). According to Ellenberger-Baum (1943) Fig. 1 ). A small reduction in mean blood pressure was also observed, but this did not always occur. These results are summarized in Table 1 . Therefore, the pulsatile blood flow in the internal spermatic artery on its emergence through the inguinal canal is smoothed by the arterial coils to a relatively pulseless flow through the artery on the testicular surface. Fig. 7 ; Fig. 3 , shows veins converging to dorsal pole of testis. Note larger diameter of artery on testis surface (and in terminal coils shown in Fig. 2 ) compared with same artery in Fig. 1 . Fig. 4 Fig. 1 ). The length of artery between the recording points in Ram 4 was 120 cm and in Ram 7 was 77 cm; these were one-third of the total length of the artery in the respective vascular cones. Thus, in these experiments at this level blood flow was already almost non-pulsatile, and would also be relatively steady through the terminal coils of the vascular cone as well as in the artery on the testis surface.
Artery coiling, lumen diameter and wall thickness
The proximal one-third of the latex cast always contained more 'U' bends per unit length than the distal two-thirds (Table 3 ). In addition, the direction of turning of the arterial coils was more nearly longitudinal in the apical half of the cone and more nearly transverse in the basal half (cf. PL 2, Figs. 1 and 2; PI. 3, Fig. 7) ; also the proximal coils were more loosely arranged than the distal coils which were flattened and compact. Because of the greater radius of turning, approximately two-thirds of the artery length were contained in the basal half of the vascular cone.
The size and structure of the artery also differed above and below its con¬ voluted course. On the testis, the artery was elliptical in cross-section, appa¬ rently due to the tautness of the tunica albugínea, for when an overlying flap was removed the artery bulged and became round. The points of hypodermic needles could be clearly seen through the wall of the artery at both this level and in its terminal coils, which indicated that the walls were here unusually thin. This was substantiated by the following measurements which were obtained from stained sections of the artery taken from four experimental animals: mean thickness of the arterial wall at Level A was 0.27 mm and at Level B, 0.15 mm; the mean lumen diameters were 1.40 mm and 1.75 mm, respectively (PI. 3, Figs. 5 and 6). Possible changes due to histological processing made these comparisons qualitative only. The wall of the artery on the testis surface had a thinner internal elastic membrane and fewer elastic fibres than at Level A.
VENOUS RETURN FROM THE TESTIS
The veins on the testis surface are 0.5 to 1.5 mm in diameter and are flattened and ribbonlike; lateral mean pressures within them were 14 to 25 cm saline. They converge to the dorsal pole of the testis, pass through the tunica albugínea and form a network of fine veins, 0.3 to 0.4 mm in diameter, closely applied around the arterial coils. Venous pressures in the upper half of the pampiniform plexus and in the internal spermatic veins were 9 to 14 cm saline. Venous pressures were recorded with the scrotum horizontal and were corrected for hydrostatic pressure. A pressure drop therefore occurred presumably due to increased resistance to flow offered by the pampiniform plexus.
Partial occlusion of the larger veins surrounding the proximal turns and the straight course of the internal spermatic artery, revealed that venous outflow from the pampiniform plexus was pulsatile. The veins receiving the outflow contained semilunar valves, the first of which always occurred close to the level of the first arterial convolution (PI. 2, Fig. 1, V Reynolds (1950 Reynolds ( , 1952 , when discussing the possible functions of the coiled ovarian arteries, stated: 'pre¬ sumptive reasoning has led us to conclude that other, more basic physiological mechanisms are served by the helicoidal arrangement of the ovarian arteries. They provide for a sharp localized reduction in blood pressure'. This has been shown to be true for the internal spermatic artery of the ram, but in addition, the testicular inflow through this artery was relatively non-pulsatile and remained so throughout induced variations of systemic blood pressure.
The consequences of these characteristics for blood-flow regulation in the testis may be far-reaching. It is accepted that alterations in the peripheral resistance occur mainly in the arterioles and that these changes regulate the flow of blood to different parts of the capillary bed. The constant nature and the lowered pressure of the arterial inflow to the testis may permit a more precise distribution of blood by its arterioles. However, the observation that most of the pulse-pressure reduction occurred in the proximal one-third of the artery raised the possibility that, in addition to having direct significance for the testis, this property might be related to others previously proposed for vascular arrangements of this type.
In discussing the testicular rete mirabile present in many marsupials, Barnett & Brazenor (1958) favoured the proposal, originally made by Müller (1904) for the rete mirabile of the limb arteries of certain mammals, that venous return might be assisted by arterial pulsations. Venous pulsations were not measured but were repeatedly observed in the veins of the pampiniform plexus surrounding the proximal convolutions of the internal spermatic artery of the ram. For the reasons reviewed by Barnett, Harrison & Tomlinson (1958) (Fig. 5) and on the testicular surface (Fig. 6) . The close application of the veins to the artery wall can be seen in Fig. 5 , and the overlying tunica albugínea in Fig. 6 . {Facing p. 228) Harrison & Weiner (1949) suggested that thermal exchanges might be taking place between the testicular arterial and venous streams and assisting in the maintenance of the abdomino-testicular temperature gradient. This was substantiated by Dahl & Herrick (1959) who showed that the temperature of the testicular arterial blood in the anaesthetized dog was approximately 30 C lower than that of the aortic blood. The latex casts (PI. 3, Fig. 7 ), X-ray photographs (PI. 2, Figs. 1 to 4) and the analysis of the coiling per unit length of the internal spermatic artery summarized in Table 3 showed that the character of the coiling of the artery changed along its length. The proximal portion, where the major pulse-pressure reduction occurred, was more con¬ voluted than the middle and distal lengths. Also, the larger lumen and lower mean pressure in the artery in its terminal coils suggested that blood flow along the distal length of the artery was slower. Furthermore, the terminal coils were compact (PI. 3, Fig. 7 ) and the veins formed a fine network on the artery at this level. From these considerations it was concluded that the principal thermal exchanges would occur at the base of the vascular cone. The excellent angiographs illustrating the work of Harrison (1949) , Harrison & Weiner (1949) , and Kirby (1953) reveal that two zones of coiling may occur along the internal spermatic arteries of other species. This is particularly evident not only in the other domesticated ruminants examined by these authors, but also in the internal spermatic arteries of species as diverse as the dog, rabbit, rat, guineapig, lion, polecat, Indian palm civet and wart hog.
